Breast-feeding is the golden standard for infant feeding. However, the majority of a few week old infants are fed with a second choice infant feeding, cow's milk based formula. Amongst the multiple differences between human and cow's milk regards the development of the gastrointestinal flora: the flora of the breast-fed infant being richer in bifidobacteria and lactobacilli. Both species are known to be potentially beneficial for the health of the host. The absence of oligosaccharides, the third largest component in human milk, in cow's milk is likely to account for the differences in colonic flora. The oligosaccharide content and concentration in breast milk is -just as for the other macronutrients -a dynamic process, making it impossible for industry to mimic nature. However, if the composition cannot be mimicked, the effect and function can be imitated. The addition of two oligosaccharides, galacto-oligosaccharides and inulin, to cow's milk based infant formula has been shown to have a bifidogenic effect, and to stimulate the growth of bifidi and lactobacilli. In conclusion, the addition of oligosaccharides to cow's milk based infant formula brings this alternative, second choice infant feeding one step closer to the golden standard of human milk. But, prolonged breast-feeding should still be promoted with maximum effort.
Introduction
Throughout European history, fermented milk products have been considered beneficial to health, but it is only in the recent years that sound scientific evidence has accumulated to support such a statement. Functional foods have resulted from the gradual recognition that healthy diets result from eating nutritious foods and from the identification of the mechanisms by which foods modulate metabolism and health (German et al. 1999) . A growing number of food manufacturers in western Europe are exploring the commercial opportunities for foodstuffs containing healthpromoting microbial food supplements, probiotics, and health-promoting non-digestible food ingredients, prebiotics (Young, 1998) . Probiotic bacteria and prebiotic carbohydrates or oligosaccharides have been demonstrated to have health benefits. The oligosaccharides inulin and oligofructose have recently attracted much attention as nondigestible carbohydrates with prebiotic properties (Jenkins et al. 1999) . The molecular weight of these prebiotic oligosaccharides is of importance, since the longer the chain length the more sustained the fermentation pattern becomes (Jenkins et al. 1999) .
Oligosaccharides in human milk
Human milk contains a high concentration of carbohydrates, especially oligosaccharides which are the third most abundant solid constituent of human milk (Newburg, 1996; Picciano, 2001) . A function for non-immunologlobulin milk protective factors, many of them non-nutrients, in providing defence mechanisms to the baby is only now beginning to be detected. Prominent among postulated defence agents are the milk oligosaccharides and glycoconjugates. Their carbohydrate structures are thought to be assembled by the same enzymes, the glycosyltransferases that synthesise the cell surface glycoconjugates often used as receptors by pathogens. Human milk contains at least twenty-one different kinds of oligosaccharides composed of many different molecules some being linear, others being branched, some being composed of simple sugars like galactose others containing sugar derivatives like uronic acids or uronic este, some being acidic others being neutral. . .. (Coppa et al. 1999; Hamosh, 2001) . It has been hypothesised that the variation in content in neutral oligosaccharides is independent of gestational age, duration of lactation and postconceptional age (Nakhla et al. 1999 ). However, many data contradict this observation. The highest amount of oligosaccharides, 20 g/l milk, is reached on the fourth day of life (Coppa et al. 1999; Hamosh, 2001 ). On days 30 and 120 of lactation, there is decrease of 20 % and 40 %, respectively, in comparison to day 4 (Coppa et al. 1993; 1999) . The decrease in oligosaccharides is compensated by an increase in lactose content (Coppa et al. 1999) . Not only does the amount of oligosaccharides in human milk differ in relation to the duration of lactation, but also the composition of oligosaccharides in human milk varies among different samples, and many factors combine for the final composition. The geographical origin of the mother is one of these factors (Erney et al. 2000) . Whether the content and composition of oligosaccharides differ in the milk of a mother who delivered at term or preterm is a matter of debate. The quantitative individual variation in content of ten neutral oligosaccharides in preterm human milk is said to be comparable to the content in milk of mothers who delivered at term (Nakhla et al. 1999) . However, these findings are contradicted by Coppa et al. (1997) . These authors conclude that compared to term milk, preterm milk contains in the colostrum phase a significantly lower lactose concentration and a significantly higher oligosaccharide content. The faecal excretion of oligosaccharides by the baby decreases in relation to the decrease in breast-milk that is replaced by a formula not containing oligosaccharides (Sabharval et al. 1991) . The pattern of oligosaccharides excreted in the urine by a breast-fed infant is related to the oligosaccharide profile in the mother's milk (Coppa et al. 1990) .
There is substantial evidence that the oligosaccharide secretion in mother's milk is a complex, variable and dynamic process (Coppa et al. 1993) . Therefore, as is the case for other macronutrients such as lipids, it should be the goal of an infant formula containing oligosaccharides to mimic the effect, but not the dynamic aspect of, the oligosaccharide content of mother's milk. Cow's milk, and thus infant formula, is very poor in oligosaccharides.
The function of oligosaccharides in human milk
Some milk oligosaccharides and glycoconjugates may protect the infant by acting as receptor homologues, inhibiting the binding of entero-pathogens to their host receptors. Neutral oligosaccharides cause inhibition of bacterial adhesion (Coppa et al. 1990 ). Breast-feeding may have a preventive effect on urinary tract infection in both the mother and the infant (Coppa et al. 1990 ). Ongoing research is linking specific carbohydrate structures with protection against specific pathogens.
Gluco-oligosaccharides (a 1-2; a 1-4; a 1-6 linkages) and maltodextrin-like oligosaccharides are nondigestible, yet fermentable oligosaccharides, and may act as 'dietary fibre like' ingredients (Flickinger et al. 2000) . In order to avoid misunderstanding because of the terminology used, 'maltodextrin-like oligosaccharides' are different from 'maltodextrin', which is well digested via amylase. Gluco-oligosaccharides and maltodextrin-like oligosaccharides increase the numeric number and concentration of bifidobacteria in the faeces (Flickinger et al. 2000) . However, supplementation of food with oligofructose (from sucrose) does not alter the cell counts of viable bifidobacterial organisms or total anaerobic microbiota, faecal pH, or concentration of short-chain fatty acids (Howard et al. 1995) . But, the number of bifidobacteria in the faeces is increased after 6 days (Howard et al. 1995) . Data suggest that dietary consumption of oligofructose (from sucrose) will enhance population of bifidobacteria and prevent colonic epithelial mucosa atrophy in neonates fed an elemental diet (Howard et al. 1995) . Total production of short-chain fatty acids is similar for oligofructose, gluco-oligosaccharides, guar gum, guar hydrolysate and gum arabic (Flickinger et al. 2000) . These 'gums' are comparable to locust bean gum, used in some thickened anti-regurgitation formulas. (The prebiotic effect of some anti-regurgitation formulas has not been validated up to now.)
Addition of pro-and/or prebiotics to infant formula Bifidobacteria, and to a lesser extent lactobacilli, are known to be potentially beneficial to the health of the host. Breast-fed infants are known to have a gastro-intestinal flora that is dominated by bifidobacteria and lactobacilli. And, although breast-fed and formula-fed infants have a similar gastro-intestinal flora on day 3 or 4 of life, there is a substantial difference in colonic flora after several weeks of life in function of feeding (Harmsen et al. 2000) . Indeed, while bifidobacteria become predominant in breast-fed infants, the gastro-intestinal flora of formula-fed infants is dominated by anaerobic bacteria such as bacteroides and bifidobacteria (Harmsen et al. 2000) . As a consequence, industry is evaluating methods to make the gastro-intestinal flora of formula-fed infants comparable to the flora of breast-fed infants. However, whether this different gastro-intestinal colonisation in young infants has clinically significant long-term consequences remains unclear. Anyway, it is unclear exactly how long these differences in gastro-intestinal colonisation persist, but after a few years, these differences have disappeared.
Some companies try to mimic gastro-intestinal colonisation of breast-fed infants by adding lactobacilli to the formula, while others try to mimic mother's milk and add oligosaccharides to the formula to obtain the same effect on gastro-intestinal colonisation as mother's milk.
The addition of lactobacilli to infant formula results in a gastro-intestinal flora that is dominated by lactobacilli, comparable to breast-fed infants (Langhendries et al. 1995) . Not only does the flora becomes 'breast-fed like', but some typical aspects of breast-fed infants such as the aspect of stools change accordingly. These observations lead to the conclusion that the 'probiotic theory' is valid and that the development of the gastro-intestinal flora can be manipulated by adding lactobacilli to the infant formula. However, this concept may be regarded as 'unphysiological' since lactobacilli are -of course -not present in human milk. Lactobacilli may, however, be present on the skin of the breast of the lactating mother. . .. Another weakness in the probiotic concept is that the bacteria need to be administered in a viable way, necessitating specific guidelines of formula preparation. The addition of probiotics to infant formula has been shown to decrease the incidence and severity of episodes of infectious diarrhoea, such as rota-virus in hospitalised children (Saavedra, 2000) .
In the prebiotic concept, oligosaccharides (inulin and/or oligofructose and galacto-oligosaccharides) are added to the infant formula. At first, this seems a more physiological approach. But, of course, the dynamic aspects of oligosaccharide content in mother's milk cannot be mimicked in artificial feeding. In the prebiotic concept, there are no special precautions or guidelines needed in the preparation of the formula. It has been shown that the addition of oligosaccharides to infant formula results in a similar effect on gastro-intestinal colonisation: the flora becomes predominant in bifidobacteria (Boehm et al. 2001) . The absolute number of bifidobacteria and the proportion of bifidobacteria as a percentage of the total micro-organisms increase with a formula supplemented with prebiotics (Boehm et al. 2001; Knol et al. 2001) . Consequently, the number of lactobacilli also increases significantly (Moro et al. 2001) . Supplementation with bifidobacteria protects rats from developing necrotising enterocolitis. Equally, if the gastro-intestinal flora of a premature with necrotising enterocolitis is inoculated in gnotobiotic quails, the latter also develop necrotising enterocolitis. But, the necrotising enterocolitis does not develop if bifidobacteria are introduced simultaneously (Caplan & Jilling, 2000) . The growth and quality of growth of infants fed with a formula with prebiotics, b-palmitate and hydrolysed proteins were similar to those seen in breast-fed infants and current infant formulas (Boehm et al. 2001; Rigo et al. 2001) .
Theoretical health promoting effects of pro-and/or prebiotics
A well-balanced, normal intestinal flora may have many health promoting effects. However, the scientific evidence for these effects is not equally solid for all. The intestinal wall of animals with a sterile gastro-intestinal tract is thinner than the wall of a gastro-intestinal tract with flora. This observation suggests that the flora has a role in offering protection against translocation and decreases gastro-intestinal permeability. The gastro-intestinal flora protects the host for colonisation with invasive micro-organisms. The flora regulates the gastro-intestinal transit and stimulates migrating motor complexes. The flora also has metabolic functions, since it intervenes in the deconjugation of bile salts and stimulates entero-hepatic circulation. Lactobacilli are capable of hydrolysing lactose that reaches the colon and thus has not been absorbed in the small bowel. The flora is capable of hydrolysing (or 'fermenting') complex carbohydrates that reach the colon. Short-chain fatty acids are produced as an end-product of this hydrolysis (Midtvedt, 1999) . The flora also hydrolyses proteins and therefore may have a role in decreasing the allergenicity of non-digestible proteins. Differences in the neonatal gut microflora precede the development of atopy, suggesting a crucial role of the balance of indigenous intestinal bacteria for the maturation of human immunity to a nonatopic mode (Kalliomaki et al. 2001) . Allergic infants have an adult type Bifidobacterium flora with high levels of Bifidobacterium. Healthy infants have a typical infant Bifidobacterium flora with high levels of Bifidobacterium bifidum. The adhesion of the faecal bifidobacteria from healthy infants is significantly higher than those of allergic infants adolescentis (He et al. 2001 ). This suggests a correlation between allergic disease and the composition of the intestinal bifidobacteria flora which has reduced adhesive abilities to the intestinal mucus adolescentis (He et al. 2001) . Oral administration of insoluble non-digestible polysaccharides induces a proliferation of IgA-producing B-lymphocytes in small intestinal and caecal mucosa in rats (Kudoh et al. 1998) . The latter finding suggests that prebiotics may have a similar effect as probiotics on the decrease of allergenicity of dietary proteins. The long-term addition of a prebiotic mixture to cereals has been shown to be effective and safe Tschernia et al. 1999) .
Side effects?
Issues considered important to the continuing development of this growing market are proof of safety, proof of efficacy, consumer education, market positioning, price and appropriate health claim strategies. Oligosaccharides are in general considered as very safe. A recent meta-analysis of controlled short-term intervention studies shows that fermented yoghurt decreases total cholesterol level by 4 % (Agerholm- Larsen et al. 2000) . Lactobacillus reuteri given to mice even caused a decrease of cholesterol by 17 % (Taranto et al. 2000) . Also oligosaccharides are known to decrease cholesterol levels and to decrease weight. The effect of oligosaccharides in infant formula on plasma cholesterol has not been validated up to now. Although the data on weight gain are limited, weight gain in formula-fed infants with and without oligosaccharides seems comparable. In conclusion: although the safety aspects of oligosaccharides in infant formulas have not been sufficiently validated, it is highly probable that they can be considered as safe.
Conclusion
The addition of certain mixtures of oligosaccharides in infant formula bring infant formula, the second choice infant feeding, one step closer to the gold standard, breast-feeding. Although it seems impossible to mimic the complexity of human physiology, it seems that the beneficial health effects of oligosaccharides in human milk can be mimicked. However, more data are needed on the effect and safety on the addition of prebiotics (and probiotics) in infant formula before this can become generally applied.
